An inverse association between blood cholesterol level and excess mortality in low cholesterol level subjects has been reported, but there has been no reasonable explanation widely accepted. To evaluate the associations between unfavorable factors and low blood cholesterol in nonWestern populations, we performed a cross-sectional study in a rural Japanese population. A self-administered questionnaire concerning health characteristics and a nutritional survey, using a continuous 48-hour dietary record, was conducted on 461 males and 571 females aged 20-79 years old. The serum total cholesterol (TC) of less than 160 mg/dl was defined as low cholesterol, which accounted for 18% of the subjects. The multivariate odds ratio of having low cholesterol adjusted for age and selected variables were 0.70 (95% Cl: 0.52-0.94) for 1 SD increment of Key's lipid factor, 0.71 (0.51-0.97) for 1SD increment of vitamin A intake, 2.23 (1.01-4.91) for heavy drinking, 2.80 (1.21-6.46) for being underweight and 2.59 (1.01-6.61) for blood transfusion in males, and 1.04 (1.00-1.08) for 10 cigarette-year increase in smoking in females. Even when further adjusted for body mass index, these associations were still significant except for those who were underweight and had undergone blood transfusion in males. These findings may partly explain the excess mortality of the Japanese males with low serum TC.
INTRODUCTION
Low blood cholesterol level has been reported to be associated with an excess number of deaths from a variety of causes in many studies [1] [2] [3] [4] [5] [6] [7] . There are several potential mechanisms for this association, but no explanation has been widely accepted.
Several studies on the relation between cholesterol and antioxidant vitamin such as vitamin A have suggested that hypocholesterolemia may be associated with a low serum antioxidant reserve, possibly increasing susceptibility to oxidative stress 8, 9 ).
An inverse relation with cancer was stronger with serum retinol than with cholesterol, which suggested that the association with cholesterol might be secondary 10). Furthermore, in Western populations including Japanese-American males, subjects with low serum TC were found to have several adverse health characteristics such as smoking, heavy drinking, low body mass index (BMI), anemia, peptic ulcer, certain gastrointestinal conditions 11, 12) . However, in Asian populations including Japanese, whose lifestyles are different from Western people, there have been few studies on the associations of low serum TC with lifestyle factors including intakes of antioxidant vitamins. More research is needed to clarify these associations. We explored the associations of low serum TC with lifestyle factors including vitamin intake, past history of disease and biological factors in a rural Japanese population.
Low Serum Cholesterol and Health-related Factors
MATERIALS AND METHODS

Study Population
The present study was a cross-sectional survey designed to investigate the characteristics of lifestyle, past history of disease and biological factors associated with low serum TC in Konan Town, Shiga Prefecture, in a rural community of west Japan. We randomly selected one area from Konan Town's 25 administrative divisions each year, and conducted the clinical examinations and nutrition survey of all residents aged 19 years and over except for employees and students during each spring season between 1987 and 1995 with the exception of 1994. A total of 1,069 residents were surveyed during these eight years. The response rate was 80% for the study population and 37% for the whole population in these study areas. We selected the 1,032 residents aged 20-79 years as the subjects of the present study. All subjects had complete data needed for the analysis.
Clinical Examinations
Blood pressures were measured by trained public health nurses using standard mercury sphygmomanometers on the right arm of sitting participants after a 5-minute rest. The height and weight of subjects were measured wearing light clothes in their stocking feet. A nurse interviewed each subject regarding whether they had breakfast. Overnight fasting blood of the subjects was drawn and serum TC, high density lipoprotein cholesterol (HDL-C), triglyceride, total protein, glucose and blood hemoglobin were determined in one laboratory (Medic, Shiga). Serum TC was measured by an enzymatic method and validated through a lipid standardization program by Osaka Medical Center for Cancer and Cardiovascular Diseases, which is a member of the Cholesterol Reference Method Laboratory Network (CRMLN) controlled by the Centers for Disease Control and Prevention, Atlanta 13) Deviations of means were <2% and coefficients of variation were <1%. We used the Friedewald's formula to calculate the low density lipoprotein cholesterol (LDL-C) of subjects whose serum triglyceride level was <400 mg/dl 14).
Nutrition Survey
The nutrition status of each subject was evaluated using the 48-hour dietary record method. The subjects were asked to note everything they ate and drank during the 48 hours in a food record diary. Visual charts describing the portion size and weight of various kinds of food and their ingredients were also given. The subjects were also asked to note the weight of the food items comparing them with the chart. A trained dietician checked the diary for each individual when it was returned and any discrepancy was corrected after discussing it with the subject. The nutrition survey data were calculated using computer software in accordance with the standard Japanese food variables to analyze the relation between low serum TC and past history of disease. The selected diseases included peptic ulcer, diabetes, liver disease, anemia, kidney disease and hypertension. Since surgery and blood transfusion were associated with a past history of severe disease, they might have affected the cholesterol metabolism of the body; these factors were also selected as study variables, although we did not identify the cause of surgery and blood transfusion. There were 8 subjects with a past history of stroke and 2 subjects with a past history of coronary heart disease in 1,032 subjects. We could not find any subject with a reported past history of cancer in this study population.
Statistical Analysis Males and females were analyzed separately, because their mean serum TC were obviously different, and some studies reported a stronger relation between low cholesterol and excess . mortality in males than in females 2,7) SPSS version 9.0 software was used for all data analysis 19) One-way analysis of variance for continuous variables and the chi-square test for categorical variables were conducted for statistical analysis between groups. Further analysis was done with multiple logistic regressions. Low serum TC was determined as a dependent variable (0=no, 1=yes). The health-related factors, which indicated significance or no significance but showed a linear association for trend by univariate analysis, were selected as independent variables. These factors were divided into three groups on the basis of commonality of function, and we performed three multivariate analyses.
In model 1, we analyzed the lifestyle factors including Keys' lipid factor and intakes of either vitamin A or vitamin C, total cigarette-years of smoking (10 cigarette TC had the lowest level of Keys' lipid factor, intakes of cholesterol, vitamin A and vitamin C, and the lowest rate of hypertension in both genders for trend. They also had the highest rate of heavy drinker, underweight, liver disease, anemia and blood transfusion in males, and cigarette smoking, peptic ulcer, anemia and blood transfusion in females. Furthermore, they had the lowest mean levels of systolic and diastolic blood pressure, LDL-C, triglyceride, glucose, total protein and hemoglobin in both genders among the three groups stratified by serum TC.
In Table 2 (model 1), the multivariate odds ratios of having low cholesterol adjusted for age and selected lifestyle factors were 0.70 (95% confidence interval (Cl): 0.52-0.94) for 1SD increment of Key's lipid factor, 0.71 (0.51-0.97) for 1 SD increment of vitamin A intake, 2.23 (1.01-4.91) for heavy drinking and 2.80 (1.21-6.46) for underweight in males, and 1.04 (1.00-1.08) for 10 cigarette-years increase in smoking in females. Even when further adjusted for BMI, these associations were still significant except for those being underweight in males. Even if we used energy-adjusted intakes of vitamin A as an independent variable instead for crude intake values of vitamin A, these results were not substantially different. When we used vitamin C as an independent variable instead of vitamin A, the intake of vitamin C was not associated with low serum TC in either gender.
In Table 3 (model 2), the multivariate odds ratios of having low cholesterol adjusted for age and selected past history of disease were 2.59 (95% CI: 1.01-6.61) for having past history of blood transfusion and 0.42 (0.20-0.92) for having past history of peptic ulcer in males. When further adjusted for BMI, the odds ratio for blood transfusion did not reach statistical significance (P=0.067), but the odds ratio for peptic ulcer was still significant (P=0.018).
In Table 4 (model 3), the multivariate odds ratios of having low cholesterol adjusted for age and selected biologic factors were significantly lower in both genders. The odds ratios (95% CI) for 1SD increment of each selected biologic factor were 0.64 (0.49-0.83) for hemoglobin and 0.53 (0.33-0.82) for triglyceride in males, and 0.66 (0.52-0.83) for hemoglobin, 0.34 (0.22-0.54) for triglyceride, 0.71 (0.53-0.95) for HDLcholesterol, 0.76 (0.59-0.97) for total protein and 0.40 (0.22-0.72) for glucose in females. Even when further adjusted for BMI, these associations were still significant.
Since the present study was continued for eight years, we examined the difference in the mean value of each nutrient intake between the first and the latter half of the study periods, but there was no significant difference.
DISCUSSION
Antioxidant Vitamins
There have been few studies investigating the relation between low cholesterol and antioxidant vitamins. In the present study, we found that low serum TC was associated with low intake of vitamin A in males. Dietary beta-carotene has been identified as a possible cancer-preventing agent 20). The •õ Multivariate adjusted for selected past history of disease.
•ö Multivariate adjusted for selected past history of disease and age.
•˜ Multivariate adjusted for selected past history of disease, age and BMI. •õ Multivariate adjusted for selected biologic factors.
•ö Multivariate adjusted for selected biologic factors and age.
•˜ Multivariate adjusted for selected biologic factors, age and BMI.
•÷ HDL-C, high density lipoprotein cholesterol.
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mean plasma alpha-carotene and beta-carotene concentrations increased in parallel with increased dietary intake of fruit and vegetables 21). Plasma beta-carotene was positively related to plasma cholesterol and beta-carotene nutrient density, negatively related to body fat and plasma triglyceride, and lower concentrations of serum cholesterol were associated with lower concentrations of serum vitamin A 22). Vitamin A may act as an intracellular antioxidant and reduce carcinogens, and low serum concentrations of retinal and beta-carotene have been associated with an excess risk of cancer 20,23). Although overall mortality from cancer was associated with low mean plasma levels of carotene adjusted for cholesterol 23.24), these studies did not include the intake of vitamin A on the basis of a nutritional survey.
On the other hand, the blood TC level may influence the availability of cholesterol to cells. Cholesterol is a component of the cell membrane and the fluidity of the cell membrane influences functions such as activity of cell membrane receptors, ion transport and immune function. Cell cholesterol is derived from endogenous synthesis and from uptake of cholesterol-rich lipoproteins from tissue fluid, and ultimately from plasma 25). Blood lipoprotein levels highly correlated with TC. Cholesterol itself, or some fat-soluble vitamins or other detoxifying agents carried in lipoproteins may play a direct role in immune response. A disease episode in a person with low TC may be more severe than the same episode in a person with high TC 6). Whether low serum TC in Japanese males promotes carcinogens or suppresses the immune system should be further investigated.
Vitamin C is also an antioxidant agent. In the present study, males with low serum TC also showed a lower mean intake of vitamin C. Since there was a significant moderate correlation between the intakes of vitamins A and C, we did not use these vitamins as independent variables at the same time. In the logistic regression model with vitamin C instead of vitamin A, the intake of vitamin C was not associated with low serum TC. However, it is worthwhile performing a further large study concerning low serum TC and vitamin C stratified by vitamin A intake levels.
Blood Transfusion
In the present study, we found that a history of blood transfusion was associated with low serum TC when we did not adjust for BMI in males. The mean BMI of males with low serum TC was lower than those with higher serum TC (20.8 kg/m2 vs, 22.4 kg/m2, P<0.001, in t-test), This was the reason why the statistical significance disappeared in the association between low serum TC and blood transfusion when adjusted for BMI.
The prevalence of liver disease was higher in males with low serum TC although it did not reach statistical significance. The epidemiological evidence suggests that the prevalence of positive hepatitis C virus antibodies in blood donors was more than 5% in 55 -64 of age in Osaka, which is in the same district as our study field 26). Furthermore, the infection rates of hepatitis B virus are higher in Asian populations than in Western populations 27). These former studies have suggested that the main infectious root for hepatitis was blood transfusion. The significant relation between blood transfusion and low serum TC might have possibly resulted from the latent viral hepatitis of which the Japanese have a relatively high prevalence. To our regret, since the antibodies of HBs and HCV were not checked in the present study, we could not explain the relations of these antibodies.
The diseases with liver cell destruction such as liver cirrhosis and hepatitis lead to low serum TC, whereas, fatty liver due to obesity is positively associated with high serum TC. Since it was difficult for the participants, as well as the interviewers, to classify `liver disease' into high/low TC inducing forms, we did not analyze by classification of liver disease into subcategories. This might be the reason why "liver disease" was not associated with low serum TC.
Other Factors and Females
Previous studies in Western populations found that middleaged British males with low cholesterol showed the highest proportions of low BMI (<20 kg/m2), current smokers and heavy drinkers, histories of bronchitis, peptic ulcer and anemia 12). Japanese-American males with TC <180 mg/dl had the highest proportions of current smoking, heavy drinking, and certain gastrointestinal conditions 11). We found for the first time that these findings hold true to a non-Western population. In the present study, a past history of peptic ulcer in males had a significantly negative association with low serum TC in contrast to the results of British males. This might be due to their different dietary habit, genetic factors or unclear reason.
A significant association between low serum TC and total cigarette-years of smoking was found in females. This may be due to chronic obstructive pulmonary disease (COPD) caused by smoking. Basili reported that patients with COPD had lower serum levels of Apo B compared with controls 28). Apo B has a function of carrying cholesterol in the blood from the liver to tissues. and low serum levels of Apo B could indirectly result in low serum TC. Furthermore, because the proportion of smokers in females was very small, they may have other adverse health characteristics associated with low serum TC.
In the present study population, females with low serum TC were clearly younger than the other two groups with higher serum TC, which suggests that many non-menopausal females were included in low serum TC group. The effect of menstruation on the serum TC level has been confirmed; Cullinane reported that the alterations in plasma volume account for approximately half of the increase in TC during the menstrual cycle 29). This is one reason why the relation between low TC and excess mortality in females was difficult to detect in several cohort studies.
The subjects with low serum TC had lower levels of biological factors such as LDL-cholesterol, triglyceride , total protein, glucose and hemoglobin. These findings might suggest a kind of malnutrition, which was one of the common functions associated with the low serum TC.
Study Limitations
The limitations of this study are the use of the self-reported health status concerning past history of disease and conducting the survey over eight years. Surveys using a self-reported health status might underestimate or overestimate the prevalence of a past history of disease due to the lack of an accurate diagnosis. However, in the present study, only blood transfusion had a significantly positive association with low serum TC, and overestimating the prevalence of blood transfusion is considered to be rare when using the self-reported method . The long survey period may have influenced the results of this study. For example, the on going Westernization of lifestyle in Japan may have led to a change in their dietary habit . However, the present results showed that there was no significant difference in the mean value of each nutrient intake between the first four years and the latter four years of the study period.
In conclusion, the low serum TC in the present population was significantly associated with low intake of vitamin A , heavy drinking, being underweight and having undergone blood transfusion for males. These associations may partly account for the previously reported excess numbers of deaths due to diseases from a variety of causes in Japanese males 7,30). However, these associations were not clear except for a positive association for cumulative smoking in females. It is worthwhile doing further studies on lifestyle factors and past history of disease associated with low serum TC in females.
